Introduction: Venous thromboembolism is a burden on healthcare systems. The aim of this analysis was to project the long-term costs and outcomes for rivaroxaban compared to standard of care (enoxaparin/warfarin) in Portugal for the treatment and secondary prevention of venous thromboembolism. Material and Methods: A Markov model was developed using event rates extracted from the EINSTEIN trials supplemented with literature-based estimates of longer-term outcomes. Core outcomes included per patient costs and quality-adjusted life years reported separately per treatment arm and incrementally, as well as cost per quality-adjusted life years gained. The deep vein thrombosis and pulmonary embolism indications were analysed separately. The analyses were conducted from the Portuguese societal perspective and over a 5-year time horizon. Costs and outcomes were discounted at a 5% annual rate. Several scenario analyses were undertaken to explore the impact on results of varying key modeling assumptions. Results: Rivaroxaban treatment was associated with cost-savings for the treatment of deep vein thrombosis and was both cost-saving and more effective for the treatment of pulmonary embolism, compared with enoxaparin/warfarin. Discussion: The results of the sensitivity and scenario analyses further supported that rivaroxaban is a cost-effective alternative to standard of care treatment. The use of an expert panel to derive some input values and the lack of Portuguese specific utilities were the main limitations. Conclusion: Rivaroxaban represents an efficient alternative to using enoxaparin/warfarin in Portugal, as it's associated with lower costs (for both indications) and greater quality adjusted life years (for the pulmonary embolism indication). Keywords: Cost-Benefit Analysis; Venous Thrombosis; Pulmonary Embolism; Rivaroxaban; Venous Thromboembolism. O tromboembolismo venoso representa uma carga substancial para os sistemas de saúde. O objectivo foi estimar os resultados clínicos e económicos a longo-prazo associados a rivaroxabano relativamente à prática clínica (enoxaparina/varfarina) no tratamento e prevenção secundária de tromboembolismo venoso em Portugal. Material e Métodos: Foi desenvolvido um modelo de Markov baseado nos ensaios clínicos EINSTEIN e dados da literatura para complicações a longo-prazo. Foram avaliados custos e anos de vida ajustados pela qualidade de vida totais e incrementais e rácio custo-efectividade incremental. As indicações trombose venosa profunda e embolismo pulmonar foram analisados separadamente. Adoptou-se a perspectiva da sociedade portuguesa e um horizonte temporal de cinco anos. Aplicou-se uma taxa de actualização de cinco por cento para custos e consequências. Foram desenvolvidas análises de sensibilidade e diversas análises de cenário para avaliação da variação dos resultados em função de determinados pressupostos. Resultados: Rivaroxabano está associado a menores custos na trombose venosa profunda e constitui uma alternativa associada a menores custos e a maior eficácia no tratamento de embolismo pulmonar, relativamente a enoxaparina/varfarina. Discussão: O recurso a um painel de peritos para identificação de alguns recursos e a ausência de utilidades específicas para Portugal constituem as principais limitações. Conclusão: Rivaroxabano constitui uma alternativa eficaz, estando associado a menores custos (para ambas as indicações) e a mais anos de vida ajustados pela qualidade de vida (para embolismo pulmonar) relativamente a enoxaparina/varfarina em Portugal.
INTRODUCTION
Venous thromboembolism (VTE), in its most frequent manifestations, deep vein thrombosis (DVT) and pulmonary embolism (PE), is an important public health issue due its impact on society in terms of morbidity, mortality, costs and resource consumption.
1 Approximately one-third of patients with symptomatic VTE has a pulmonary embolism, while twothirds experience a DVT alone.
2 Morbidity and healthcare costs result from associated complications of VTE, such as postthrombotic syndrome (PTS), which affects approximately onethird of DVT patients, 2 and chronic thromboembolic pulmonary hypertension (CTEPH), which has a cumulative incidence of 1% to 5% within 2 years after the initial PE event. [3] [4] [5] VTE affects more than 600,000 people each year in the United States (US) 1 and more than 1 million individuals each year across the European Union (EU). 2 The number of annual VTErelated deaths is also substantial, of approximately 300000 and 540000 in the US and EU, respectively. and treatment of VTE in medically ill patients. These guidelines present recommendations for the treatment of VTE that are in line with other national or European guidelines, emphasising that anticoagulants should be used as the standard of care. [7] [8] [9] [10] [11] In clinical practice, VTE patients are usually initiated with a course of parenteral unfractionated heparin or low molecular weight heparin (LMWH). 12, 13 Vitamin K antagonist (VKA) treatment should be commenced together with parenteral agents during the initial days of treatment and parenteral treatment discontinued when the international normalised ratio (INR) is stable and above 2.0 for at least 24 hours. 13 The duration of anticoagulation is determined by the trade-off between the risk of recurrent VTE and the risk of treatment-induced hemorrhage.
14 Individualisation of treatment duration has been recommended in several treatment guidelines. 7, 10 Although the current treatment options for VTE are effective, they have several disadvantages. Heparins and fondaparinux require parenteral administration, and heparin may be associated with the development of rare but potentially life-threatening heparin-induced thrombocytopenia. 15 In addition, treatment with VKA is associated with large variability in dose response among patients, with multiple food-drug and drug-drug interactions, and requires regular INR monitoring and dose adjustment.
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Rivaroxaban is a highly selective, oral, direct factor Xa inhibitor that has predictable pharmacokinetics and pharmacodynamics with few relevant interactions. Rivaroxaban provides a single-drug approach for the acute and continued treatment of VTE, and does not require routine INR monitoring.
The EINSTEIN-DVT and the EINSTEIN-PE trials were designed to explore the efficacy and safety of rivaroxaban in the treatment of patients with acute symptomatic DVT and acute symptomatic PE (with or without previous/ simultaneous DVT), respectively. In both trials, patients were randomised in an open-label, event-driven, noninferiority study that compared rivaroxaban to standard dual-drug therapy (LMWH followed by VKA) for a total duration of either 3, 6 or 12 months. 17, 18 Duration of therapy was defined by the treating clinician based on patients' baseline characteristics and on risk of recurrent VTE or bleeding. Results of both studies showed non-inferiority for the primary composite efficacy outcome of recurrent VTE, compared with LMWH/VKA. 17, 18 Rivaroxaban also showed non-inferiority for the primary safety outcome of major and non-major clinically relevant bleeding, although there was a trend towards a reduced risk of major bleeding, which was significant in EINSTEIN-PE (HR = 0.49; 95% CI 0.31-0.79; p = 0.003).
In Portugal, several policy changes have affected the uptake of pharmaceutical over the last decade, including new pricing regulations, the introduction of generic substitution, the reduction of distribution margins and more restrictive prescribing patterns by physicians.
1 In this context, health economic evaluations such as cost-effectiveness analyses (CEA) may be useful tools to inform resource allocation decisions in a systematic, transparent and efficient manner. The primary outcomes of a CEA are estimations of costs and effects associated with the technology at hand, and its comparator(s). These provide an indication to the healthcare payer of whether the new treatment provides 'good value for money' compared to existing treatments. Therefore, a costeffectiveness model based on the findings of the EINSTEIN trials was developed to project the long-term costs and outcomes for rivaroxaban compared to standard of care (enoxaparin/warfarin) in the treatment of VTE patients in the Portuguese healthcare setting.
MATERIAL AND METHODS
Analyses overview: Published cost-effectiveness models [20] [21] [22] [23] [24] were used, in combination with expert opinion, to inform the structure of the model. The analyses were conducted from the societal perspective and only direct costs were included. Indirect costs were not included due to the lack of data regarding productivity losses caused by the disease (DVT or PE) in the Portuguese population. The model timeframe was designed to capture the impact of VTE events from the initial or 'index' VTE event (either DVT or PE) to development of longer term complications, with a time horizon of 5-years. Costs and outcomes were discounted at a 5% annual rate, as recommended by Portuguese guidelines.
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Patient population and treatment regimens: The DVT and PE patient populations considered in the model reflect those recruited in EINSTEIN-DVT and EINSTEIN-PE, with cohort starting ages of 56 and 58 years, respectively. 17, 18 The Committee for Medicinal Products for Human Use of European Medicines Agency considered that the study populations of EINSTEIN-DVT and EINSTEIN-PE were representative of the targeted European VTE population. 2, 26 Therefore, patient populations considered in the present study are likely to be representative of the Portuguese population. Patients were assumed to be treated either with an enoxaparin/warfarin combination therapy or with rivaroxaban. Patients in the enoxaparin/warfarin arm were treated with enoxaparin, the LMWH therapy most frequently prescribed in Portugal for this patient population (based on an expert panel opinion) and at the recommended dose (1 mg/kg twice-day -BID). Based upon findings from an expert panel and in line with typical Portuguese clinical practice, patients were assumed to receive enoxaparin for 6 days. This duration, which is shorter than that observed in the EINSTEIN trials, was deemed a conservative estimate. Warfarin 5 mg once-daily (OD) was administered for the remainder of anticoagulation treatment. In line with its licensed dose for this indication, rivaroxaban was given at 15 mg BID for the initial 21 days, followed by 20 mg OD for the remaining treatment duration.
Model structure: A Markov model was developed that included health states describing the management and complications of VTE, including: on-treatment for index event, off-treatment, recurrent VTE (ipsilateral DVT, contralateral DVT and PE), bleeding events and long-term Santos IF, et (Fig. 1 ). Bleeding events were categorised as major (extracranial (EC) or intracranial (IC)) or clinically relevant non-major (CRNM). Definitions of these bleeding events are according to literature. 17, 18 A post-IC bleed state was incorporated to account for long-term morbidity. The risk of PTS was captured by application of a pay-off to patients with a history of DVT and therefore risk of PTS. For patients with an index PE additional states were included to track patients' history of DVT and associated risk of PTS (off-treatment post-DVT and PE experienced post-DVT). The model's cycle length was 3 months, reflecting EINSTEIN trials' design. Each health state was associated with a resource and utility weighting. Patients entered the model following diagnosis of an acute VTE event (either DVT or PE) and were administered treatment. Duration of treatment was determined according to patients' risk profile (3, 6 or 12 months) and model results weighted by the patient stratification in the EINSTEIN trials. Following active treatment, all patients transferred to a 'no treatment' option and were subsequently at risk of additional events for the post treatment period, based on population estimates derived from an observational study. 27 Expected costs and outcomes were calculated across the cohorts according to the chosen treatment.
Model inputs:
The model was based on the results of the EINSTEIN-DVT 17 and EINSTEIN-PE 18 clinical trials, with long-term complications of treatment and utility values derived from published literature.
Treatment efficacy and safety: Treatment effect was modeled through application of hazard ratio (HR) to the underlying risk of events (VTE or bleed) for VKA treatment ( Table 1 ). The probability of a recurrent VTE event being characterised as a DVT was based on observations from the EINSTEIN trials: 48.3% and 37.2% after an index DVT or PE, respectively. In the PE analyses, it was further assumed that 3.4% of patients with an index PE also experienced a DVT event and were at risk of PTS. The probability that a major bleeding event was an IC bleed was 12.5% for the DVT analyses and 20.6% for the PE analyses, based on EINSTEIN-DVT 17 and EINSTEIN-PE, 18 respectively. Consistent with the non-inferiority finding of EINSTEIN-DVT 17 and Portuguese health economic modeling guidance, it was assumed that rivaroxaban and enoxaparin/warfarin were equivalent for efficacy and safety. Consequently, a cost-minimisation analysis was conducted for the DVT analyses. EINSTEIN-PE 18 was also a non-inferiority study, however, rivaroxaban was associated with a significant reduction in the risk of major bleeds (HR = 0.49; 95% CI, 0.31 to 0.79, p = 0.003). Therefore, the major bleed risk reduction associated with rivaroxaban was modeled in the base-case analysis for the PE indication. Long-term complications: Both models captured common VTE long-term complications such as PTS, CTEPH and recurrent VTE. Given that no trial-based evidence is currently available to support a difference following treatment with either rivaroxaban or warfarin, the risks of these complications were derived from published observational studies: Prandoni 27 2007 for recurrent VTE, Prandoni 28 1997 for PTS and Miniati 29 2006 for CTEPH (Table 1) .
Mortality:The model distinguished between background mortality, reflecting mortality rates in the general Portuguese population (adjusted for age), 30 and disease-specific mortality associated with particular events. Event-specific mortality rates were estimated for the following model health states: PE, major IC bleed, major EC bleed, and CTEPH (Table 1) . These risks were retrieved from publications 31, 32 identified by a systematic literature review. Each mortality risk was applied once in the model, following the event, except for mortality associated with CTEPH, which was modelled as an ongoing risk per cycle.
Utility: The term 'utility' refers to the preferences individuals or society may have for any particular set of health outcomes. Utility analysis is viewed as a particular useful technique in health economic evaluations as it provides a generic outcome measure for comparisons across different treatments and pathologies. The generic outcome is usually expressed using Quality-adjusted life years (QALYs). QALYs are derived by adjusting the length of time affected through the health outcome by the utility value of the associated health status. 33 Due the lack of Portuguesespecific utility values, this analysis incorporated utility values from a combination of studies from the international published literature. All base-case utility assumptions were made independent of treatment arm. The starting point in the modelling of utility was the population norm value of 0.825 (SD 0.17, n = 3395) established in the landmark UK EQ-5D survey, 34 which was used as an anchor point in this evaluation. The values used in the analysis were applied either as multipliers to the population norm value (DVT, PE, PTS, EC bleed and IC bleed) 35, 36 or as straight values when derived using the EQ-5D or comparable methods (post-IC bleed and CTEPH) 37, 38 (Table 2) . A disutility associated with warfarin was not applied in the base-case, but was tested in a sensitivity analysis (0.988).
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Costs and resource inputs: Only direct costs were considered in the model. Unit costs were obtained from published Portuguese official sources, namely, Acts of the Parliament (Portaria n.º 139/2009 and Portaria n.º 220/2011) 39, 40 and reports issued by the Central Administration of the Health System (Report of Analytical Accountability of National Health System Hospitals). 41 Table  3 ). The monitoring costs relating to warfarin treatment included physician monitoring costs and the cost of INR testing. Although rivaroxaban does not require blood monitoring, based upon advice from the expert panel, it was conservatively assumed that two physician visits were required per year. Monitoring costs were weighted to include the differences in setting of care. It was assumed that 30% of patients were monitored by general practitioners (GP) and that the remaining 70% were managed by specialists. For warfarin, it was assumed that 7 monitoring visits were required during the initial cycle based on the expert panel's opinion; 3.5 visits were applied for subsequent 3-month model cycles based on Macedo et al.
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Analyses conducted: Base-case analyses were undertaken separately for patients with either an index-DVT or an index-PE. In addition, extensive sensitivity analyses were performed to assess the uncertainty around outputs and several scenario analyses were conducted to explore the impact on the results of varying key assumptions.
Base-case: The duration of VTE treatment (3, 6 or 12 months) varied across patients according to their risk profile. In order to provide results reflective of the overall population, cost and outcomes for each of the treatment durations were weighted by the distribution of patients by treatment durations in the EINSTEIN trials. For the DVT indication, a cost-minimisation (i.e. equivalence) analysis was conducted to reflect the non-inferior efficacy (risk of VTE) and safety (risk of bleed) reported for rivaroxaban and enoxaparin/warfarin in the EINSTEIN-DVT trial. For the PE indication, equivalence was also assumed for efficacy, however inclusion of rivaroxaban's safety benefit observed in EINSTEIN-PE permitted cost-effectiveness analyses to be undertaken.
Sensitivity analyses: Although models are useful tools for simulating real-world situations, uncertainties still remain around assumptions that are applied. 43 Therefore, oneway sensitivity analysis (OWSA) was carried out in order The 95% CIs for DVT, PE, EC bleeding and IC bleeding adjustments to utility norms have been assumed to equal the interquartile range because of the absence of further information and the size of the sample in Locadia et al. 35 For the PSA, the parameters above were modelled as arising from independent beta distributions with alpha and beta parameters set such that the mean is the point estimate and the lower and upper values represent the 95% CI.
Revista Científica da Ordem dos Médicos www.actamedicaportuguesa.com to identify the key drivers of cost-effectiveness. Several parameters were varied, such as time horizon, discount rates, probability of clinical events, treatment effects in relation to efficacy and safety variables and utility values. Probabilistic sensitivity analysis (PSA) was performed with the intention of testing the overall robustness of the model. The PSA was run for 1000 iterations with repeated sampling of mean parameter values from a series of assigned distribution types, based on the point estimates and standard error statistics for each mean parameter value. In order to make full use of the information available, the PSA was sampled from observed differences in treatment effect, regardless of statistical significance. The distribution type that was applied to a given parameter was dependent on the nature of each parameter and supporting data.
Scenario analyses:
Additional analyses were performed to explore the variation in results when including cost-savings related to a length of stay reduction for hospitalised rivaroxaban patients. Furthermore, for the PE indication, two additional scenarios were performed in which the following assumptions were made: i) equal efficacy and equal safety (cost-minimisation analysis); ii) equal efficacy and equal safety, and a length of stay reduction for patients treated with rivaroxaban. The cost-saving associated with early discharge achieved in patients hospitalised and treated with rivaroxaban was based on the reduction in length of stay associated with rivaroxaban (21% for DVT and 12% for PE), 44 the proportion of VTE events treated as inpatients (40% for DVT and 100% for PE) and on a cost per additional day of hospitalisation (€224.34 for DVT and €231.22 for PE) (Table 3) . A further analysis was undertaken to estimate the cost-effectiveness of rivaroxaban compared to enoxaparin/ warfarin for the overall VTE indication, in which results for the individual indications were weighted by the proportion of VTE patients experiencing either an index DVT or an index PE. The VTE population was considered to consist of 2/3 of patients with index DVT and 1/3 of patients with index PE based on Cohen et al 2 2007.
RESULTS

Base-case analyses:
In the DVT base-case costminimisation analysis, rivaroxaban was found to be cost saving (-€ 322 per patient) compared to enoxaparin/ warfarin over a 5-year time horizon (Table 4) . Treatment with rivaroxaban incurred additional drug costs; however these were offset by reduced monitoring costs. Rivaroxaban was also associated with lower additional costs for bleeding events. The slightly higher cost of bleeding in the enoxaparin/warfarin arm compared with the rivaroxaban arm resulted from the fact that the monitoring costs for re-initiation of therapy were included during that 3-month cycle, which were greater with enoxaparin/warfarin. In the PE base-case cost-effectiveness analysis rivaroxaban 'dominated' enoxaparin/warfarin, as it was associated with greater health benefit (QALY gain of 0.005 per patient) and cost saving (incremental costs: -€ 293 per patient) ( Table 4) . Similarly to the DVT indication, treatment with rivaroxaban generated additional drug costs, which were offset by reduced monitoring costs. The bleed benefit associated with rivaroxaban translated into both increased cost savings for the management of bleeds and into a QALY gain. Rivaroxaban was however associated with very low additional costs for recurrent VTE events and complications (CTEPH and PTS). This can be attributed to the survival paradox, whereby patients treated with rivaroxaban experienced a reduced risk of major bleeds which resulted in longer survival compared to enoxaparin/warfarin patients and therefore greater exposure to the risk of VTE and associated complications.
Sensitivity analyses: The OWSA conducted for DVT patients demonstrated that rivaroxaban remained costsaving or cost-effective when varying the value of key model inputs. The results were most sensitive to the following parameters: distribution of patients across the clinic and the GP settings for VKA monitoring, disutility associated with warfarin and cost of ambulatory visits in the outpatient setting, irrespective of treatment duration. Similarly, the OWSA undertaken for the PE population demonstrated that rivaroxaban remained cost-effective when varying the value of key model inputs, and the same parameters were identified to drive the results. The PSA further supported the dominance of rivaroxaban over treatment with enoxaparin/ warfarin for VTE as greater than 95% of all simulations indicated that rivaroxaban was both less costly and more effective compared to enoxaparin/warfarin.
Scenarios analyses: Results obtained showed greater savings with rivaroxaban compared to enoxaparin/warfarin for all the scenarios performed (Table 5) .
DISCUSSION
VTE continues to be a burden on healthcare systems, affecting both hospitalised patients and those managed 
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Note: all values have been rounded.
Revista Científica da Ordem dos Médicos www.actamedicaportuguesa.com in the outpatient or ambulatory setting. 45, 46 Although VKAs and LMWHs are well established and widely used for the prevention of thromboembolic disease in Portugal, these agents are associated with a number of limitations. 16, 46 Rivaroxaban is the first novel oral anticoagulant to be approved for the treatment and prevention of recurrent VTE. Its efficacy and safety was explored for this patient population in the EINSTEIN clinical trial programme. Beyond the promising results of the EINSTEIN trials 17, 18 rivaroxaban represents an attractive and convenient alternative treatment option to both patient and physician for several reasons.
In the current economic evaluation, rivaroxaban was compared to the standard of care (enoxaparin/warfarin) for the treatment of VTE in the Portuguese setting over a 5-year time horizon. Analyses were undertaken independently for the DVT and PE patient groups. In the base-case analysis for the DVT population, the same efficacy and the same safety were assumed across the two treatment arms, in line with the findings of the EINSTEIN DVT trial. The results of the analysis showed that rivaroxaban was costsaving compared to enoxaparin/warfarin. In the base-case Santos IF, et [615] [616] [617] [618] [619] [620] [621] [622] [623] [624] analysis for the PE population, it was assumed, based on results of the EINSTEIN PE trial, that patients treated with rivaroxaban were exposed to a lower risk of major bleed compared with those receiving enoxaparin/warfarin. The results demonstrated that rivaroxaban was both more effective and cost-saving compared to enoxaparin/warfarin. Results from the PSAs conducted around the results of both the DVT and PE base-case analyses supported this finding. OWSAs performed indicated that distribution of patients across the different settings for VKA monitoring, disutility associated with warfarin and cost of ambulatory visits in the outpatient setting were the main drivers of the costeffectiveness analysis for both DVT and PE indications.
As with any economic evaluation, the current analysis encompasses a number of strengths and limitations. The main strength of this study lies in the comprehensive model structure and in the robust sources used to inform the values of the model inputs. For example clinical input values were derived from the EINSTEIN phase III pivotal trials and a systematic literature review was conducted to identify relevant publications to populate specific model inputs. Given the scarcity of Portuguese-specific resource 17, 18 suggested that, in clinical practice, rivaroxaban is likely to reduce the length of hospital stay for VTE patients. 44 Therefore, scenario analyses were performed to explore the impact on results of including cost-savings due to a reduced length of stay for patients treated with rivaroxaban. As expected, the results of these analyses showed greater cost savings with rivaroxaban irrespective of whether a DVT or PE was treated. Reduced length of hospital stay may also lead, in clinical practice, to additional gains in health-related quality of life for patients receiving rivaroxaban. However, this assumption was conservatively not captured in the basecase analyses. For the PE indication, additional scenario analyses were performed in which equal efficacy and equal safety (cost-minimisation analyses) was assumed, either with or without cost-savings associated with reduced length of hospitalisation with rivaroxaban. In both scenarios, the results showed that rivaroxaban was associated with cost-savings. Lastly, an analysis was conducted for the combined DVT and PE indications in order to assess the cost-effectiveness of rivaroxaban for the whole VTE population. The results indicated that rivaroxaban was both more effective and cost saving when compared to standard of care treatment.
CONCLUSION
Rivaroxaban provides a simple, single-drug approach for the acute and continued treatment of VTE with an improved overall net clinical benefit profile. Rivaroxaban for the management of VTE was found to offer the potential of substantial cost offsets due to the absence of need for VKA monitoring and so is likely to be associated with cost savings. Sensitivity analyses and scenario analyses further supported that rivaroxaban is a cost-effective alternative to the standard of care in Portugal.
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